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(b/) Provided is an ink-jet recording process fnr 
forming a color image on a i (wording medium using a 
liquid formulation and a color ink in combination, 
wnerein said liquid formulation contains a cationic poly- 
mcr having a weight average molecular weight in the 



rangft nf frnm 400 to 1 .400. and said liquid formulation 
and said Ink are each ejected from a recording Dead 
having an ink ejection volume per dot of from 2 to 25 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

This invention relates to an ink-jet recording process carried out using a liquid formulation arid an inK (color ink) in 
combination. Mora particularly, it relate* to an ink-jet recording process carried out using a liquid formulation and an ink 
(color ink) in combination by applying the liquid formulation and tne InK (color Ink) togsiherto a recording medium (e.a.. 
w plain paper) to form a color image that Is less causative of the phenomenon of color bleeding and has water fastness. 

Related Background Art 

Ink-jet recording ie a process of making a record by ejecting minute droplets of Ink and adhering The InKto a rocord- 
T5 ing medium such as paper. In particular, an ink-jot recording process of the type as dicdoccd in Japanese Potent Pub 
Jlcatlon No. 61-59911, No. 61 -59912 and No. 61-59914. i.e.. of the type in which a heat energy is imparted to ink by 
ucing an electrothermal transducer aa an ejection energy feeding means to cause the ink to bubble lo eject droplets, 
enables easy materialization of hioh<Jensity mulftariftaa ra/vvding head, and hence images with a high resolution and 
a high quality level can be recorded ai a high speed, 
20 However. Inks used in conventional ink-jet recording are commonly mainly composed of water and to which water- 
soluble high-boiling solvents such as glycol are added for the purposes of, e.a., preventing inks from drying and pre- 
venting orifices from dogging. When a rcoord is made on a recording medium uaing such ink, problems have occurred 
such that no sufficient fixing performance may be attained, or uneven images may occur which are presi im*d tn he due 
to uneven distribution of fillers and sizing agents on the surface of the recording medium Especially when color images 
2S are to he obtained * plurality of color inks are successively superimposed on the recording medium before inks with 
cwtain colors become fixed thereon, and hence there has been a problem that colors may blur or unevenly mix at 
boundaries between images with different colore (this phenomenon is hereinafter called "bleeding") to make it difficult 
to obtain satisfactory images. 

As a means for improving fixing performance to cope with such problems, Japanese Patent Application Laid-open 
30 No. 55*65263 discloses a method in which a compound capable of increasing its permeation, such as a surface active 
ayaul, is added in Ink. Japanese Patent Appflcailon Laid-open No. 55-66976' also discloses use of an ink mainly com- 
posed of a volatile solvent. In the former method, in which a surface active agent is added in ink, fixing performance and 
bleeding can oe improved and prevented to a certain extent as a result of the increase in ink permeation into the record- 
ing medium. I lowever, coloring materials in the ink also permeate into the recording paper io a great depth to cause 
35 riifficultifts such as a decrease in image optical density and a lowering of chroma. In addition, it also cause a spread of 
ink in the lateral direction, which consequently may also cause the problems ot a decrease in edge sharpness of dots 
and a lowering of resolution. Ac for the latter method, in whioh en ink mainly composed of a volatile solvent is used, not 
only the difficulties occurring in the former method may occur, but also clogging due to evaporation nf solvents undesir- 
ably tends to occur at norrles of the recording head, undesirably. 
40 To overcome such problems, methods are also proposed in which a liquid that enables formation of good images 
is piously applied to the recording medium before ink Is ejected. For example, Japanese Patent Application Laid- 
open No. 58-128862 discloses an apparatus in which a liquid that can improve ink fixing performance ia euperimpoe- 
ingly applied io ink recording positions by the use of a recording head different from ink ejecting heads. Japanese Pat. 
ent Application Laid-open No. 00-00703 also discloses a method in which a liquid having a basic pulyme/ is applied and 
45 thereafter an ink containing an anionic dye is applied to make a record. Japanese Patent Application Laid-open No. 63- 
22681 still also discloses a recording method In which a first liquid containing reactive cnemical species and a liquid 
containing a compound capable of reacting with the reaotivo ohemical apeciee are mixed on a recording medium. Jap- 
anese Patent Application Laid-open No. 63-299971 further discloses a method in which a liquid enntaining an organic 
compound having at least two cationic groups per molecule are applied lo the reCOidiny medium and thereafter the 
50 recording is performed using an ink containing an anionic dye. Japanese Patent Application Laid-open No. 64-9279 
also discloses a method in which an acidic liquid containing succinic acid or the like is applied onio a recording medium 
and thereafter the recording ic performed using an ink containing an anionic dye. Japanese Patent Application Laid- 
open No. 64-631 85 still also discloses a method in which a liquid containing a cationic polymer and capable of making 
dyes insoluble by aggregation is imparted to the recording medium before the ink is imparted ihareto. 
65 Meanwhile, means for making images highly minute, various methods have been proposed. With an improve- 
ment in resolution of ink-jet recording, a meihoa Is Decomlng prevejling in which ink ejection volume per dot or a record- 
ing head is made smaller than ever. For example, ac rcgardc the resolution, the pursuit thereof advances from 000 dpi 
and 360 aoi toward 600 doi. 720 doi and much hicher resolution. Concurrently with this, as records the ink ejection vnl- 
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ume per dot, the pursuit of recording heads continues toward 40 pi. 23 pi and much smaller ejection volume. 

Under such circumstances, also in plain-paper color recording techniques in which as previously stated a liquid for- 
mulation different from ink is imparted to ink recording positions by the use of an ink-jet recording head SO that various 
performances ot inK-iei recorded images on the recording medium can oe improved, it is sought to more Improve the 

r reliability of liquid formulations for aggregating the dyes or pigmcntc in inkc, the reliability including not only frequency 
characteristics, ejection stability and durability, but also the properties of hardly causing clogging (in the present inven- 
tion, hereinafter called "an li -slicking performance") and ejection stability required after a pause of recording for a certain 
period of time (in the present invention, called "start-up performance") 

However, when any component, e.g., the cationlc polymer, used in the liquid formulation for aggregating the dyes 

to or pigments in inks as disclosed in the prior art is applied in the r&oordlnq hoad for highly minute recording ac ctated 
ahnvfi. having a small ink ejection volume per dot. e.g., having 2 to 25 ol ink ejection volume per dot. it has been difficult 
lu satisfy the inability of Hie liquid formulations, such as frequency characteristics, ejection stability, durability, anti- 
sticking performance and start-up performance. 

ib SUMMARY OF THE INVENTION 

Accordingly an object of the present invention is to provide an ink-jet recording process carried out by using a liquid 
formulation and an ink in combination. tn$ liquid formulation being the nna that can satisfy the reliability such as fre- 
quency characteristics, ejection stability, durability, ami-sticking performance arid start-up peifurmance even when Uie 
co recording head ac stated above ic ucod, having a email ink ejection volume per dot. e.g., having 2 to 25 pi (picolitter) 
ink ejection volume per dot. 

Tlie above object can be achieved by the invention described below. 

That is, the present invention provides an ink-jet recording process fnr fnrming a r.ninr imagp. on a recording 
medium using a liquid formulation and a color ink In combination, wherein the liquid formulation contains a calionic pol- 
cs ymcr having a weight average molecular weight in the range of from 400 to 1 ,400, and said liquid formulation and said 
ink are each ejected from a recording head having an ink ejection volume per dot of from 2 to 25 pi (plcolirrer). 

BRIEF DESCRIPTION OF TW£ DRAWINGS 

30 Fig. 1 ic a longitudinal croee section of a head assembly of an ink-jet recording apparatus. 
Hg. 2 is a transverse cross section or tne nead assembly of an ink-jet recording apparatus. 
Fig. 3 is a perspective illustration of the appearance of a multi head assembly compriccd of tho hoad aeeembly 
shown in Fig. 1 . 

Fig. 4 is a perspective illustration uf an example of an ink-jel recording apparatus. 
35 Fig. 5 is a longitudinal cross section of an ink cartridge. 

hg. 6 is a perspective illustration of an example of a recording unit. 

Tig. 7 is a perspective illustration of the recording section in which a plurality of recording hcadc arc arranged. 
Fig # is a parspartiva illustration of another embodiment of recording heads used in the present invention. 
Fig. 9 illustrates a first example of the construction of recording heads. 
<o Fig. 10 illuetratee a eecond example of tha construction of recording heads. 

Pig. 1 1 illustrates a third example ot tne construction ot recording heads. 
Fig. 12 shows a print pattern used in the evaluation of start up performance. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

4S 

According to the present invention, especially in a recording process carried out by using a recording head having 
an ink ejection volume per dot of from 2 to 25 pi and using a liquid formulation containing a cationic polymer, and a color 
ink in combination, a liquid formulation containing a cationic polymer having a weight-average molecular weight in the 
range of from 400 to i .400 Is used. This makes It possible to improve the image optical den«ily, image uniformity, color 

so Weeding prevention and durability of Images on recording media, and also to satisfy various reliability, i.e., ejection sta- 
bility (frequency characteristics), ejection durability, start-uo performance and anti-stlcking performance. 

The reason why such a liquid formulation used in the preeent invention has the remarkable effect ac ctated abevo 
is unclear It is presumed that tha following phenomenon occurs between tha cationic polymer contained in the liquid 
formulation and the coloring matter contained in the ink and cunaequenlly ihe above operational effect is brought about. 

ss That is, when an ink containing a water-soluble dyo having an anionic group is used as the ink. a low-molecular 
weight component ot the cationic polymer in the liquid formulation combines with me dye Dy ionic and/or molecular 
mutual action to cauae separation of the dye from the liquid phase, thus aggregates of the dye are formed. Also in the 
car* r>f a piomanr ink containing an anionic compound, a low-molecular weight component of the cationic polymer in 
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the liquid formulation combines with the pigment by Ionic and/or molecular mutual action to cause diupemiun failure uf 
the pigment, thus aggregates of the pigment arc formed. 

Thon, the aggregates of the dye or the aggregates of the pigment are subsequently adsorbed on a high-molecular 
weight component or the cationic polymer to form aggregates with a larger size, so that it becomes difficult for these 
o aggregates to enter the gaps between fibera of a recording medium such as paper, and hence the mobility of tho dye 
or piqmarti nn the recording medium heenme vary smaller than the mobility nf snlvenf. Thus, since this reaction takes 
place at a ven/ high rate, it becomes possible to farm the above high-grade images by ink-jet recording, as so pry- 
sumod. 

At the same time, the aggregates themselves produced by the mechanism as stated aoove, formed or tne canonic 

io polymer and the anionic dye or the anionic compound and pigment in tho pigment ink. come to have a lower fluidity and 
do not migrate concurrently with the movement of the liquid medium of the ink. Hence, even when adjoining dots are 
formed of inks with different colors as in the case when full-color images are formed, they by no means mix one another, 
and th© Weeding may occur with difficulty. Also, since .the above aggregates are substantially water-insoluble, the 
images formed can have a very improved water fastness. 

ic In carrying out the present invention, since the cationic polymer having a weight average molecular weight of from 
400 to 1 ,400 is used, the liquid formulation containing such a cationic polymer can be free from an increase in viscosity. 
This is advantageous for ejection performances such as frequency response, stable ejection volume and staWe ejection 
velocity when the liquid formulation is applied to the recording medium by the use of an ink-jet recording head, in par- 
ticular, an On-Demand type tnermai InK-jei recording head. Also, ft Is unnecessary to use polybasic mstal salts in order 

so to make coloring mattere aggregate or insoluble, and hence there ie an advantage such thai no problem of kogaiion 
(scorching) may occur on the heating heads. This can be an additional effect attributable to the present invention. 
The present Invention will be described below in greater detail by giving preferred embodiments, 
The liquid formulation used in the present invention will be described first. As the cationic polymer used in the liquid 
formulation, a cationic polymer having a weight average molecular weight in tne range of from 400 to i ,400 is used. So 

es fong as the liquid formulation containing cuch a cationic polymer ic uccd, tho variouc reliability ac stated previously can 
be attained even when used in a recording head having such a small ejection orifice area that its Iiouid eieciion volume 
per dot is 2 to 25 pi. 

The reason therefor is as follows- The cationic polymer having a weight average molecular wfiight of from 400 to 
1 ,400 Is so much highly water-soluble that the liquid formulation may be difficult stucK on nuzzle tips on account uf a low 
so viscosity of aqueous polymer solution even when water evaporates from the nozzle tips, and also that the liquid formu- 
lation can be controlled to have a low initial viscosity and evaporation viscosity. As the result, the reliability such as anti- 
sticking performance, ejection frequency response and start-up performance can be ensured in actual use. 

In the present invention, the cationic polymer has the weight average molecular weight in the above range, but the 
polymer may preferably not have a narrow molecular weight distribution, but contain a polymer with a relatively luw 
35 molecular woight and a polymer with a relatively high molecular weight. The reason therefor is as previously stated. A 
mixture of cationic polymers having such different molecular weights may preferably be diviaed into a olurality of frac- 
tions, e.g., a low-molecular, region and a high-molecular region, when the molecular weight distribution of the mixture is 
measured hy CiPC (gel permeatinn chrnnrwtryjraphyj. 

The cationic polymer used in trie present invention may include, e.g., polyallylamine, pulyamine sulfuric, a copoly- 
40 mcr of thece, and polyvinylaminc. Of theco, polyallylamino ic proforably ueod in the present invention, which especially 
enables easy control of molecular weight and molecular weight distribution. The weight average molecular weight 
referred to in the present invention means a weight average molecular weight measured by GPC using polyethylene 
glycol as the standard. 

The liquid formulation used in the present Invention Is prepared by dissolving In an aqueous medium the cationic 
i€ polymer ac described above. In the aqueous medium, the cationic polymer may be in a concentration ranging usually 
from about 1 to 10 % by weight and preferably from about 2 to 6 % by weight. It the canonic ooivmer is in a too nign 
concentration, the resultant liquid formulation may have a too high viscosity. If on the other hand the cationic polymer is 
in a ton lew concentration, the water fastness of images, color Weeding prevention and so forth on the recording 
medium can not be satisfactory. 
so The aqueous medium in which the cationic polymer is dissolved may be a mixed solvent of water and a water-sol- 
uble organic solvent. As the water, it is preferable to use not usual aty water containing various ions, out ion-exchanged 
water (de ionized water). 

The water-soluble organic solvent used as a mixture with water may include, e g . alkyl alcohols having 1 to 4 car- 
bon atoms, such as methyl alcohol, ethyi alcohol, n-propyl alcohol, Isopropyi alcohol, n-butyl alcohol, seu-uutyl alcwhgl 
ss and tert-butyl alcohol; amides such as dlmethylformamlde and dimethylacetamide; ketones or keto.alcohols such as 
acetone ana aiacetone alconoi; etners sucn as tetranydroturan ano aioxane; polyalkylene glycols such as polyethylene 
glycol and polypropylene glycol; alkyiene glycols the alkylene group of which hae 2 to 6 carbon atoms, such as ethylene 
glycol propylene glycol, birtylene glycol. Methylene glycol, hevylene glycol and riinthylflrm glycol: 1 .P.fi-hfixanetrinl: thi- 
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odiglycol; glycerol; leaver alKyl ethers of polyhydric; alcohols, audi as ethylene glycol monomethyl or -ethyl ether, Meth- 
ylene glycol methyl or ethyl ether and triothyJone glyeol monomethyl or -ethyl ether; and aleo N-methyU2-pyrrofidonQ, 2- 
pyrrolidone. and 1 ,3-dimethyl-2Mmklazoiidinona. Of these many water-soluble organic solvenis, polyhydric alcohol such 
as diethylene glycol, and lover alkyl others of polyhydric alcohols such as Methylene glycol monomethyl or -ethyl ether 
s ara partinularly preferred 

The water-soluble organic solvent as described above may be contained in an amount ranging usually from 3 to 50 
% by weight, and preferably from 0 to 40 % by weight, based on the total weight of the liquid formulation. The water may 
ba contained in an ammint ranging from 10 tn 30 % hy weight, and prafarahiy frnm 30 tn SO % hy waight, baser* nn thp. 
total weight of the liquid formulation. 
10 In the prcccnt invention, it hoc bocn aleo diccovcrcd that the ctart-up performance stated previously can be moro 
Improved when a water-soluble organic solvent such as a Methylene glycol monoalkyl ether or a Methylene glycol 
monoalKyl ether is used in the liquid formulation in a proportion of from 0.3 to 5 % by weight Guch a water-soluble 
organic solvent may specifically include, <? g , Methylene glycol monobutyl athiar, triathyfana glycol monnmathyl athar, 
diethylene glycol monobutyl ether, and diethylene glycol monomethyl ether. In particular, Methylene glycol monobutyl 
is ether or diethylene glycol monobutyl sther is more preferred. 

In the liquid formulation, glycerol may prsrerably be used tor the purpose of improving the anti -sticking penormance 
attributable to the cationic polymer such as pclyallylamine. The glycerol may preferably be contained in an amount 
ranging from 9 to 10 % by weight nasad nn th* tntal weight rtf tha liquid fhrmulfltlnn 

In the liquid formulation used in the present invention, an amine haying 8 or mure carbon atoms may preferably be 
20 incorporated. Of the amine, it i6 moro preferable to use a quaternary amine. When such an amine Is incorporated, 
although the reason is unclear, heating heads in ink-jet recording apparatus can be made to have a remarkably long 
lifetime, a liquid formulation stable for a long period time can be obtained and the ejection stability oan be ensured. 

Such a quaternary amine may include, e.g.. quaternary ammonium salt type compounds, stated specifically, lau- 
ryllrimelhylammoniuin chloride, lauryldimethylbenzylammonium chloride, benzyl tributylammoni urn chloride and benza- 
25 Ikonium chloride; pyridinium salt type compounds, stated specifically, cetyl pyridinium chloride and cetyf pyridinium 
bromide. Of these, benzaikonium chloride is particularly preferred. The quaternary amine In the liquid formulation may 
be in a concentration ranging usually from 0.1 to S % by weight, and preferably from 0.2 to 2 % by weight 

The liquid formulation uaari in the praaent invention may preferably have a pW in the range of from 3 to 1 1 . and more 
piaferabfy a pM in tha ranye uf from 0 to 9, A pH adjuster used lo provide audi a yH range may include, e.g., acids such 
30 as acetic acid, hydrochloric acid, p-toluenesulfbnic acid, lactic acid and propionic acid, but without limitation to these. 
The liquid formulation used in the present invention may also preferably have a surface tension in the range of from 25 
to SO dyn/om, and more prQiar&bly from 30 to 40 dy/Vom. The liquid formulation uccd in the prcccnt invention may aleo 
preferably have a viscosity in the range of from 1.3 to 5 cP (centi poise), and more preferably from 1.5 to 3 CP. 

Die coloring mailer-containing ink used in the present Invention in combination with the liquid formulation 
55 described above will be described below. 

In the ink used in the present invention, it is preferable to use as the coloring manar a water-soluble dye containing 
an anionic group, or, when a pigment is used ae the coloring matter, to use an anionic compound In combination with 
the pigment. Such an ink used in the present invention may further optionally contain water, a water-soluble organic sol- 
vent and ulnar components as exemplified by a viscosity modifier, a pH.adjusier, an antifungal agent a surface active 
to agent and an antioxidant. 

As the water-soluble dye having an anionic group, used in the present Invention, may be any of water-6oiuDie acid 
dyes, direct dyes and reactive dyes listed in the COLOUR INDEX, without any particular limitationc co long ac they are 
water-soluble dyes having an anionic group. Dyes not listed in the COLOUR INDEX may also be used without any par- 
ticular limitations so long as they are those having an anionic group, e.g., a sulfonic group or a carboxyl group. The 
45 water-soluble dye herein referred to also includes of course those having a dependence of solubility on pH. 

As the water-soluble organic solvent contained in the ink in which the water-soluble dye as described aoove is con- 
tained, the water-soluble organic advent used in the liquid formulation previously described may be usod similarly. The 
content of such a water-soluble organic solvent in the ink may be in the same preferable range as in the case of the 
liquid formulation used in Une present invention. The ink may also have physical properties in entirely the same range 
50 as in the case of the liquid formulation. However, with regard to surface tension of the ink. the ink may preferably be 
made to have a higher surface tension than tne surface tension of rne liquid formulation of the present Invention since 
the recording process of the present invention oan be thereby effectively carried out in some oacoc. Thic ic prccumably 
because, when the surface tension of the both is controlled in this way. the liquid formulation which is shot first in the 
printing procasa exhibits such an effect that the ink which is shot later can have a uniform wettability on the recording 
$$ medium, though details are unknown. 

In the present invention, in the case when the ink containing a pigment is used, an anionic compound such as an 
anionic surface active agent or an anionic polymerio substanoe may preferably be added bccidcc the componcntc 
described afcova in respect of the dye-containing ink. An amphoteric surface active scant may be incorporated after its 
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pH IS adjusted to a pH not lower ihan its isoelectric point, As exarriples of the anionic surface active agent used in such 
an instance, any of Jhocc commonly ueod may be preferably used, including carboxylic acid salt types, sulfuric acid 
ester types, sulfonic acid salt types and phosphoric acid ester types, as examples of the anionic polymer, it may include 
alkali-sofuble resins, stated specifically, potassium polyacrylat* or th03e prepared by partial copolymerization of a pol- 
5 ymer with acrylic acid, but without limitations thereto of course. 

in the case when the pigment is used as the coloring matter of the ink used in the present invention, the pigment 
may be used in an amount ranyiny from 1 la 20 % by weight, and preferably from 2 to 12 % by weight, in weight ratio, 
based on the total weight of -the ink 

The pigment used in ths present fnventlon may specifically Include carbon black" as a pigment used In black ink, as 
10 exemplified by carbon black produced by the furnace procccc or the channel proccco, Those having properties such as 
a primary particle diameter of from 15 to 40 mu. a specific surface area of from 50 to 300 m 2 /g as measured by the bb I 
method, a DBP oil absorption of from 40 to 150 ml/100 g, a volatile content of from 0.5 to 10 % and a pi I value of from 
2 to 9 may preferably be used. Commercially available products having such properties $re ax^mplffiaH by Nn ?30fl, 
No. yO0, MCF8S, No. 33, No. 40. NO. 45, No. 52. MA7, MAS, and No, 2200B (trade names; all available from Mitsubishi 
is Chemical Industries Limited); RAVEN 1256 (trade namo; available from Columbian Carbon Japan Limited); REGAL 
400R. REGAL 330R. REGAL 660R. and MOGUL L (trade names: all available from Cabot Corp.]: OJLGH bLACK 
FW1. COLOR BLACK FW18, COLOR BLACK Sl70, COLOR BLACK G150. PR1NTCX 35. and PRINTEX U (trade 
names; all available from Hegussa Japan Co . I td ). any nf which may preferably ha used. 

As a pigment used in yellow ink, it may include, e.g., C.I. Pigment Yeiluw 1 , C.I. Pigment Yellow 2, C.I. Pigment Ye(- 
ro tow 3, CI. Pigment Yellow 13, CI. Pigment Yellow IS and CI, Pigment Yellow 33. As a pigment used in magenta ink, it 
may include, e.g.. C.I. Pigment Hea 5, C.I. Pigment Red /, C.I. Pigment Red 12, C.I. Pigment Red 48 (Ca), C.I. Pigment 
Red 48 (Mn), CJ. Pigment Red 37 (Ca), C.I. Pigment Red 112 and C.I. Pigment Red 122. As a pigment used in cyan 
ink, it may include, e.g., C.I. Pigment Blue 1. C I Pigment Rlua? C 1 Pigment Blue 3, C.I. Pigment Blue 15:3, C.I. Pig- 
ment Blue 16, C.I. Pigment Slue 22, C.I. Vat Blue 4 and C.I. Vat Blue a. Examples are by no means limited to these. In 
2$ addition to the forogoing, it is of course possible to use pigments newly produced for the present invention. 

As a dispersant incorporated in the ink wnen ths ptament is used, any of water-soluble resins may be used, it is 
preferable to use those having a weight average molecular weight in the range of from 1,000 to 30,000, and more prof- 
erably from 3.000 to 15,000 Such dispersants may specifically include block copolymers, random copolymers or graft 
copolymers comprised of at least two monomers (at least une of which is a hydrophilic monomer) selected fram sty- 
oo rene, styrene derivatives, vinyl naphthalene, vinyl naphthalene derivatives, aliphatic alcohol esters of ethylenically 
unsaturated afJ-carboxyiic acids, acrylic acid, acrylic acid derivatives, maleic acid, maieic acid derivatives, itaconlc 
acid, itaconic acid derivatives, fumaric acid, fumaric acid derivatives, vinyl acetate, vinyl pyrrolidone, aorylamidc, and 
derivatives tharenf; or salts rrf -these Natural resins auch as main, shellac and starch may also preferably be used. 
These resins are alkali-soluble resins which are soluble in an aqueous sululiun in which a base has been dissolved. Any 
3S of these water-soluble resins used ss dispersanis for the pigment may preferably be contained in an amount ranging 
from 0.1 to 5 % oy weight based on tne total weiont of the ink, 

In the case of the ink containing the pigment, it ia preferable for the whole ink to be adjusted to neutrality or the alka- 
line side. By dninrj so, the anluhillty of the water-soluble rssin used as the pigment dispersant can be improved to obtain 
inks having a much better lunyler m stuiaye stability. Its pH may preferably be adjusted in the range of from 7 to 10. 
40 Ae pH adjusters used in such adjustment, they may include, e.g., various organic amines such as diethanolarnine 
and triethanolamine. inorganic alkali agents including alkali metal hydroxides such asscdium hydroxide, lithium hydrox- 
ide and potassium hydroxide, and various organic acid3 and mineral acids. 

The pigments and disparsarrts as Hasnriheri above are dispersed or dissolved in an aqueous medium. Here, as the 
aqueous medium preferably usable in the pigment-containing inks, the aqueous medium used in the liquid formulation 
4S previously described may be used similarly. The content of the water-soluble organic solvent in the ink may be in the 
same preferable range as tnat of the liquid formulation. J he ink may also nave physical properties in entirely me same 
range as in the case of the liquid formulation. 

With regard to surface tension of the ink, adriifirm of a lower alnnhol and so forth, too. they may be the same as 
those In the case of the dye-contalnlng Inks. However, with regard to the additiun of a Juwer oiuuhol, the solvent may be 
so added in a dicporeicn of the pigment, whereby bubbles can be prevented from occurring at the time of dispersion treat- 
ment and the dispersion treatment can be efficiently carried out. 

The water-soluble organic solvent may be contained in the pigment-containing ink in an amount ranging usually 
from 3 to 50 % by weight, and preferably frnm a to do % by weight, haaed on the total weight of the ink. The water may 
be contained in an amount ranging from 10 to 90 % by weight, and preferably from 30 to 80 % by weight, based on the 
66 total weight of the ink. 

In tne case when the enqmeni aispersant incorporated in the inK is not an anionic compound, the anionic compound 
must be further added in the ink. The anionic compound preferably usable in the prcccnt invention may inciudo tho pcl- 
ymprk Ruhctannoc cnr.h aikaii-snti.-hia rasins described in rasped of the pigment dispersant and besides lew-molec- 
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ular weight anionic surface active agents. 

As specific examples of the low-molecular weight anionic surface active agents-, Ihay may include ciociecyi discdium 
sulfosuccinate, polyoxyethylene lauroyl ethanolamide discdium sulfosuccinate, polyoxyethylene alkyl discdium suifo- 
succinates, carboxyiated polyoxyethylene dodecyi ether scdium salts. Dolvoxyetnylene aooecyl ether scdium sulfate. 
6 polyoxyethylene dodccyl cthor triethanolamina sulfate, polyoxyethylene alkyl ether aodium sulfates, alkyl scdium sul- 
fates and triethanolamine alkyl sulfates, but are by no means limited to these. 

The anionic compound as described above may preferably be contained in the ink in an amount rany/ny from 0.05 
to 10 % by weight, and more preferably from 0.05 to 5 % by weight, based on the total weight of the ink. 

In addition to the above components, trie inK containing the pigment as used in the present invention may be option- 
to ally appropriately incorporated with a curfacc active agent, a defcaming agent, an antiseptic and so forth in order to 
make the ink have the desired physical properties. In addition to the above pigment, a water-soluble dye or the like may 
also be appropriately added aa the coloring matter. 

The surface active agent added in the ink in sufih sn instance may include anionic surface active agants such as 
fatly acids, hiyhyr alcohol sulfates, liquid fatty acid sulfates and alkylailyl sulfonates; and nonionic surface active agents 
is such as polyoxy ethyl an© alkyl others, polyoxyethylene alkyl esters, polyoxyethylene sorbifan alkyl esters, acetylene 
alcohols and acetylene glycol; at least one or wmch may be used under appropriate selection. It may preferably be used 
in an amount of approximately from 0.01 to 5 % by weight based on the total weight of the ink, which may vary depend- 
ing on the typ« of the dispersflnt incorporated in the ink In this instance, the amount of the surface active agent may 
preferably be 50 determined that the ink may have a surface tension of 30 dyn/cm or above. This Is because, ft the Ink 
so shows a surface tension smaller than this value, it may bring about undesirable reeuite, e.g., print slippage (positional 
deviation of ink-droolet impact) due to nozzle-tic wetuna. when recorded by the ink-jet recording system employed in 
the present invention. 

The ink containing the pigment as described above may he pr&r&rad in following way First, the. pigment is added 
lo the aqueuus medium comprised of at least the dispersarrt water-soluble rasin and the water, and the resultant mix- 
55 tura is stirred, follow-gd by dispersion by a dispersion means described later and optionally eentrifugation to obtain a 
daslrad dispersion. Next, to this disoereion, a sizing agent and the adoitive components as previously described and 
appropriately selected are added, followed by stirring to form the ink used in the present invention. 

In the case when the alkali -soluble rasin is used as the dispersant, it is necessary to add a base in order to dissolve 
II it* i«siir. In this instance, an amine ur base fur dissolving the resin must be added In at least one-fold amount of the 
30 weight of the amine or base, the weight being found by calculation from the acid value of the resin. The weight of the 
amine or base is found by the following expression. 

Weight (gj of amine or base = [acid value of resin x molecular weight of amine or base x rasin weight (g)]/5.600 

.w In addition, before the aqueous mixture containing the pigment is dispersed, the mixture may be promixed for at 
least 30 minutes to thereby improve dispersion efficiency. This pre-mixing is carried out to improve the wettability of pig- 
ment curfaccc and accelerate the adsorption of the dispersant on the pigment surfaces, 

The disoersion means used when the pigment Is dispersed as described above may be any of dispersion machines 
commonly used, including, e.g., a bail mill, a roll mill and a aatxl mill, in particular, a high-spbdd lypesand mill may pief- 
40 erably be used. Such a sand mill may include Super Mill, Sand Grinder, Beade Mill, Agitator Mill, Grain Mill, Daino Mill, 
Pearl Mill and Cecal] Mill (all trade names). 

Ac the recording medium used in the recording process of the present Invention, there are no particular limitations 
thereon. What is called plain paper such as paper for copying and hnnrf paper conventionally ujwi may preferably he 
used. Of course, coated papeis specially prepared for ink-jet recording or OHP transparent films may also preferably 
*s be used. Usual woodfree paper and glossy paper may still al6o preferably be used. 

A recording apparatus preferably usaoie in the recording procsss of the present invention will be described below. 
In the present invention, preferably uaed ia en ink-jet recording process in which recording signals are imparted to 
tha liquid formulation (or ink) in the recording head to ej«ct ink- drnplats therefrom by the action of heat energy thereby 
produc6d. Figs. 1, 2 and 3 show the cunsUuctiun of the recording head, which is a main component of such an appa- 
ftn rafus. 

In Pig. i,. a head 13 is formed by bonding a glass, ceramic or plastic plate or the like having a Groove w through 
which an ink ic passed, to a heating head 15, which io ueed for thermal recording (in Fig. 1 and 2, an illustrative example 
is shown, however, the invention is not limited). Tha heating head 15 is composed nf a protective film 16 made of silicon 
oxide or the like, aluminum electrodes 17-1 and 17-2, a healing fesibtur layer Ifl madeuf nichrome ur the like, a heat 
55 accumulating layer 19, and a substrata 20 made of alumina or the like having a good heat radiating property. 

An InK 21 comes up to an ejection orifice (a minute opening) 22 and forms a meniscus aue to a pressure K 
Now, upon application of clcotrio signals to the electrodes 17 1 and 17-2, the heating head IS rapidly generates 
heat a? the reoion shown by n to form bubbles in the ink 21 which is in contact with this rerjinn. The meniscus 23 nf tha 
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Ink is projected by the action of the pressure thus produced, and the ink 21 is ejected from tha orifice 22 to a recording 
medium 25 in tho form of ink droplets 24. 

The multi-head as illustrated in Fig. 3 is formed by closely bonding a glass piata ?7 having a number nf channels 
2b' io a heating head 28 similar to the head as Illustrated in Pig. 1. 
s Pig. 1 isacros3 sectional viow of a hood 13 taken along the flow path of the ink, and Fig. 2 ic a crccc-cectional vjow 

taken along line 2-2 in Fig. 1. 

Fig. 4 illustrates an example of an ink-jet recording apparatus in which such a head has been incorporated. 
In fig A, reference numeral 61 designates a biade serving as a wiping msmber, on* and of which is a stationary 
end held by a blade-holding member io form a cantilever. The blade 61 is provided at a position adjacent lo a r eyiun in 
10 which tho recording h©ad 65 operates, and in this embodiment, ie held in such a form that it protrudes into the course 
through which the recording head 65 is moved. Heference numeral 62 indfcates a cap. which is provided at a home 
position adjacent to tha blade 01, and is so constituted that it moves in a direction perpendicular to a direction in which 
the recording head 65 is moved and comas into contact with the facs of ojeclion noonings fn nap it. Rp.ffirp.ncfi numeral 
63 designates an Ink-absorbing member provided adjolningly to the biade 6 1 and, similar to the blade 61 , held in such 
is a form that it protrudes into the course through which the printing head 65 is moved. The above-described blade 61, 
cap 62 and absorbing member 63 constitute an ejection-recovery portion 64, where the blade 61 and absorDing mem- 
ber G3 remove water, dust and/or the like from the face of the ink-ejecting openings. 

Reference numeral 65 designates the recording head having an pjertinn-p^firoy-gfinfiratinn means and serving to 
eject the ink onto the recording medium set in an opposing relation to the ejection opening, face provided with ejection 
20 openings to conduct recording. Reference numeral 66 indicates a carriage on which the recording head S5 is mounted ' 
so that the recording head 65 can De moved. I he carriage bb is slidably interlocked with a guide rod 67 and is con- 
nected (not illustrated) at its part to a belt C9 driven by a motor GO. Thus, the carriage 66 can be moved along the guide 
rod 67 and henna, tha raonrding hasd 65 nan he rnovftd from a printing region to a region adjacent thereto. 

Reference numeral 31 denotes a feeding part from which recurdiny mediums are inserted, and 52, a feed roller 
26 driven by a motor (not shown). With such construction, the recording medium is fed to ths position opposing to the ejec- 
tion opening face of the recording head 65, and, with progress of recording, outputted trom an output section provided 
with an output roller 53. 

In the ahnve construction, the cap 62 in the head recovery portion 64 is receded from the path of motion of the 
recording head 65 when the i ©curding head 65 is returned lo its home position, for example, after completion of printing, 
30 and the blade 61 remains protruded into the path of motion. As a result, the ejection opening face of the recording head 
6b is wioed. When the cap b2 comes into contact with tha ajection opening face of the recording head 65 to cap It. the 
cap 65 is moved ao as to protrude into the path of motion of the recording head 65. 

Whan the recording head 65-is moved from its home position to the position at which printing is started, the cap 62 
and the biade at are at the same positions as the positions for the wiping as described above. As a result, the ejection 
as opening face of the recording head 65 is also wiped at the timo of this movement. 

I he aoove movement of the recording head bo to its home position is made nor only when the printing is completed 
or the recording head is recovered for ejection, but aleo when the recording head is moved between recording regions 
for trm purpose nf recording, during which it is moved to the home position adjacent to each recording region at given 
intervals, where the ejection upeniny face is wiped in accordance with this movement. 
<ro Fig. 5 illustrates an exemplary ink cartridge 45 in which an ink to be fed -to the head through an ink-feeding member, 
tor example, a tuoe is contained. Here, reference numeral <w designates an ink container portion containing trie ink to 
be fed, as exemplified by a bag for the ink. One end thereof is provided with a stopper 42 made of rubber. A needle (not 
till jstratflri) may he inserted into this stopper 42 so that the ink in the bag 40 lor the ink can be fed to the head. Reference 
numeral 44 indicates an ink-absuiuiny member for receiving a waste ink. It is preferred in the present invention that the 
ts ink container portion is formed of a polyoiefin, in particular, polyethylene, at its surface with which th* ink comas into 

contact. 

The ink-jet recording apparatus according to the present invention is not limited to the apparatuc ac described 
above in which the head and tha ink cartridge are separately provided. Therefore, a device in which these members are 
integrally formed as sfiown in Fiy. Q can also be preferably used. 

so In Fig. 6, reference numeral 70 denotes a recording unit, in the interior of which an ink absorber that has held an 
ink is contained. The recording unit is so constructed thai the ink in such an ink absorber Is ejected In the form of Ink 
droplets from a head 71 having a plurality of orifices. Aa a material for the ink absorber, polyurothanc may be uccd, for 
example. Reference numeral 72 danntas an air path opening through which the \n\&(\or of the cartridge is made to com- 
municate with the atmosphere. 

66 This recording unit 70 can be used in place of the recording head shown in Fig, 4. and is detachably mounted to 
the carriage 66. 

In tha foregoing description, the recording apparatus u3ed in tho present invention ic exemplified by the ink-jet 
romrHing apparatus in which heat energy is applied * n * hft ink io 9 j QC * ' nk droplets. Besides, a oiezo type ink-jet record- 
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iny apparatus emptoyirrg a piezoelectric device can aleu be similarly used. 

When the recording process of the present invention is worked, a recording apparatus in which five recording 
heads comprising the recording head as pravroi isly shown In Fig. 3 am arrana«1 nn a oarriaga 80 is used, for exampls. 
Pig, 7 shows an example thereof. Reference numerals 81. 82, 83 and 34 denote recording heady fur ejecting a yellow 
5 ink, a magenta ink, a cyan ink and a black ink, respectively. Reference numeral 85 denotes a recording head for ejecting 
the liauid formulation. The heads are provided m the recording apparatus descriDed aDove. ana eiect trie inKs of respec- 
tive caloi'6 in accordance with recording signals. Beforo their ejection, the liquid formuiation is previously applied to at 
least the part where the ink of each cdor will be applied to tha rar.nrdinrj mfiHinm 

In Pig. 7, an example Is shown In which the five recording heads are used, but is by no means limited to II An 
to instance is also preferable in which, ac chown in Fig, 3, recording ie performed using one recording head having sepa- 
rate liquid channels respectively for the yellow, magenta, cyan and black inks and the liquid formulation, 

Of course, the heads may also be disposed in the manner that tha liquid formulation and inks are ejected in record- 
ing order reverse to the ord«r described abova 

As specific examples of the disposition of the ink-jet recording heads preferably used in Hi* pfasenl invention, fi 
16 may include three types as shown in Figs. 9 to 11 . 

In Figs. 9 to 11. letter symbols Y. M, (; and Bk denote recording heaas for ejecting yellow, magenta, cyan and black 
inks, respectively. Letter symbol G denotes a racording head for ejecting the liquid formulation. The respective recording 
heads are wrariQeri nn a oarriaga In the ftama manner sfi shown in Fig. 7 (hut different according- to the manner of con- 
struction). Hie respective recording heads are disputed on the recording apparatus described above, and the respec- 
20 tiv9 color inks are ajacisd iharofrcm in accordance with recording signals. Before or afisr their ejection, the liquid 
formulation is made to adhere to at least the areas where the respective color inks adhere to the recording medium. 
The recording heads are moved by the carriage in the direction of an arrow (1), and the recording medium ie moved by 
feed rollers and so forth in the direction of an arrow (2). 

First, Fig. 9 shows a first example of construction, where 3, Bk, Y M and C recording heads are arranged in parallel 
25 on the carriage. Fig. 10 shows a second example of construction, comprised of r*CQrd\n$ hsads for liquid fnrmtJlafinn 
and black ink which are arranged in parallel and Y, M ano C recording heads which are arranged in parallel to the 
former'3 two recording heads and in series to one another. Here, the respective recording heads need not neceesarily 
have, the sama ejection volume per dot. and the ejection volume per dot (Vd) of each recording head may be controlled 
so as lo provide an optimum recording suitability In accordance with, e.g., the make-up of the liquid formulation. Pref- 
20 erable construction is that tha S, V, M and C recording heads have the same Vd and the Rk recording heads has a Vd 
twice the former, but without limitation thereto. 

in a third example of construction as chown in Fig. 11, Bk, S t Bk, Y M and C recording heads having the same ejec- 
tion volume per dot are arranged in parallel on the carriage, so that the ejection quantity of black ink can oe twice tne 
ejection quantity of other liquid formulation and color inks. In the construction shown in Tig, 1 1 , too, the 0, Dk, Y, M and 
35 C recording heads need not necessarily have the same Vd. 

In the present invention, the liquid formuiation and the ink may be Imparted In a shot quanilty ratio of 1 : l per unit 
area on the recording medium in its image forming areas, or may bo in a ratio of liquid formulation : ink - 1:10 to 8:10. 
By doing so, solid uniformity of images formed can be achieved. The shot quantity ratio between the liquid formulation 
and the ink per unit area on tha recording medium in its image forming areas can be adjusted, s.g., in the following way: 
*o The number of pixels held by the liquid formulation applying onto the recording medium is controlled so as tn he in the 
range Of from 10 to 80 % of the number of pixels held by tne Ink applying onto the recording medium; the liquid formu- 
lation and the ink are both imparted by ink jot recording, where the ejection quantity of the liquid formulation is control- 
led so as to be smaller than the ejection quantity of the ink: or, in combination of these, the number of pixels neid by the 
liquid formulation applying onto the recording medium is controlled so as to be in the range of from 10 to 80 % of the 
<fs number of pixels held by the ink applying onto th© recording medium, and also the liquid formulation and tha ink are 
both imparted oy ink-jet recording, where the ejection quantity of the liquid formulation Is controlled so as to bs smaller 
than the ejection quantity of the ink. 

In tha present invention, the liquid formuiation and the ink are both imoarted by ink-jet recording and also heaas 
haviny a high recording density are used, where the ejection quantity per dot for the both heads are made amaller as 
so in the range of from 2 to 25 pi. By doing so, the ink can be prevented from causing feathering and mora detailed images 
having a higher character quality level can be obtained. 

I low the liquid composition and the ink are imparted to the recording medium in the ink-jot recording apparatus ae 
previously dttcribert will ha described below. 

The recording urucusa according lo the* present invention has the two steps of (A) imparting the liquid formulation 
ss containing at leact tha cationic polymer, onto a recording medium, and (B) imparting the ink containing at least the ani- 
onic substance, onto the recording medium by ejecting It frcm ejection orifices in tne form of droplets In accordance with 
recording signals. 

The step (A) is carried out in order to achieve both a good character quality level and an improvement or fixation or 
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recorded images farmed by the step (S) and also fur the pui pusta uf prev^nUng bleeding and improving water fastness 
of the imagee. The step (A) may be carried out prior to the 6tep (B), or the Qtep (A) may bo carried out after the step (B), 
without any problem. This is because, whichever step is carried outtirst. tha canonic polymer in the liquid formulation 
and the anionic substance in the ink mix on the recording medium to form aggregates. Prom the viewpoint of improving 
image optical density and fixing performance, it is preferable to carry out the step (A) after the step (B) and subse- 
quently further carry out the step (B), 

In the case when the step (A) is carried out prior to the step (8), there are no particular limitations on the time taken 
after the liquid formulation has been applied to the recording medium and before the ink is applied In order to make the 
present Invention more effective, the latter may preferably be carrfed out within several seconds, and panicularly pref- 
erably within 1 cccond. Tho camo applies alco whon the- etep (A) ie carried out after the step (B). 

The present invention will be described below in greater detail by giving fcxampies. 

Examples 1 to 6 

Liquid formulations S-1 to S-6 were prepared. 

S-1: 



Folyallyiamine (weight average molecular weight ; 600) 


4.0 % by weight 


Glycerol 


7.0 % by weight 


niftthyte.ne given! 


5.0 % by weight 


Acetic acid 


3.5 % by weight 


Water 


balance 



S-2; 



Polyallylamine (weight average molecular weight : 600) 


4.0% by weight 


Benzaltonium chloride (U-50; available from Sanyo Chemical industries, Ltd.) 


U.o Tp by weight 


Glycerol 


7 0 % by weight 


Diethylene glycol 


S.O % by weight 


Acetic acid 


3.5 % by weight 


Water 


baianca 



S-3: 



Poiyaflyt amino (weight average molecular weight : 600) 


4.0% by weight 


BenzalKonium chloride (G-50; available from Sanyo Chemical Iridustiies, Lid.) 


0,5% by weight 


Glycerol 


7,0 % by weight 


Dicthylcnc glycol 


5.0 % by weight 


Tiiytfiylwnw glycol monubutyl other 


3,0 % by weight 


Water 


balance 
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PcJy&ilyl&mitiB (wwiyhl av^ia^* niulecutai wolylil . 1,300) 


4.0 % by weiyhl 


Glycerol 


7.0 % by weight 


Diethylene glycol 


5.0 % by woight 


Acetic acid 


3.5 % by weight 


Water 


Daiance 



S-5: 

c 

15 



Polyallylamine (weight average molecular weight : 1.300) 


4.0 % by weight 


Bonzalkonium ehlorid© (G-50; available from Sanyo Chemical Induetriee, Ltd.) 


0.5 % by weight 


Glycerol 


7,0 % by weiyhl 


Methylene glycol 


5,0 % by weight 


Acetic acid 


3.5 % by weight 


Water 


balance 



Polyallylamine (weight average molecular weight : 1,300) 


4.0 %oy weight 


Benzalkonium chloride (G-50; available from Sanyo Chemical Industries, Ltd.) 


0.5 %hy weight 


Glycerol 


7.0 % by weight 


Diethylene glycol 


5.0 % by weight 


Triethylene glycol monobutyi ether 


3.0 % by weight 


Water 


balance 



Next, as Dk, Y, M and C inks, color inks Bk-1, Y-1, M-1 and C*1 each having the following composition were pre- 
*n pared. 

Bk-1; 



C.I. Direct Black 168 


2.5 % by weight 


C.I. Direct Blu* 139 


0.5% by weiyhl 


CI. Direct Yellow 86 


0.3 % by weight 


Glycerol 


8.0 % by weight 


Ethylene glycol 


8.0% by weight 


Urea 


5.0 % by weight 


Water 


balance 
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Y-1: 





C.I. Direct Yellow 132 


2,5 % by weight 




Glycerol 


7.0 % by weight 




Diethylene glycol 


8.0 % by weight 


10 


Acetylene glycol type surface active agent (ACETYLENOL EH, trade name; available from 
Kawaken Fine Chemicals Co.. Ltd.) 


0.7% by weight 


Water 


balance 


76 


MM: 






C.I. Acid Red 92 


2.5 % by weight 




Glycerol 


7.0 % by weight 


20 


Diethylene glycol 


8.0 % by weight 




Acetylene glycol type surface active agent (ACETYLENOL EH, trade name; available from 
Kawaken Fine Chemicals Co., Ltd.) 


0.7 OS by weight 




Water 


balanoc 


2S 

C-1: 




C.I. Direct Blue 190 


3.0 % by weight 




Glycerol 


7.0 %by weight 




Diftthylflne glycol 


8.0% by weight 




Acetylene glycol type surface active agent (ACETYLENOL EH, trade name; available from 
Kawaken Fine Chemicals Co.. Ltd.) 


0.7 % by weight 




Water 


balance 



4& The liquid formulations and inks thus prepared were ejected from heads constructed in entirely the same manner 
as 6hown in me second example or head construction, to cam/ out color recording ai b'UU dpi using heads having the 
following ejection quantities for each ink and liquid formulation. 



Liquid formulation 


1 5 pl/dot 


Bk-1 


20 pl/dot 


Y-1 


15 pl/dot 


M-1 


16 pi/dot 


C-1 


15 pl/dot 



The positions at which If its liquid formulation was applied on (he recording medium were electrically controlled so 
ss as to be precisely coincide with the positions at which the inks were shot to make a record. As recording media on which 
imaoes were recorded, sheets of PB caper (paper used for copying machines and ink-jet recording in common), avail- 
able from CANON INC, were uaed. 

Fvflluatinn was maris nn tha fnllnwinrj items, by tha following methods and according: to the following criteria. 
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(1) linage optical density: 

lmarj p - dfinfiifiAR at black solid print areas were measured using MacBeth RD91 5. 

An OD (optical density) value of 1.35 or aDove was evaluated as "AA"; from 1.3 to less than 1.35, as "A": from 1 .2 
f to loss than 1 .3, as "B"; and leee than 1 .2, ac "C". 

(2) Color bleeding: 

Black characters contrasting with a yellow solid pr\n\ background were printed, and the state of Weeding was vfsu- 
10 ally evaluated. Evaluation rccuitc were ranked in the following way. 

AA: No bleeding was seen at all. 

A: Bleeding slightly occurred, but no problem in practical use. 

B: Bleeding occurs and there was a problem In practical use. 

t? C: There was a problem in practical use. 

(3) Water fastness: 

Solid prints in Bh, Y, M, C, R, G and B were respectively printed, and thereafter, a day after, were dipped in tap 
?n water for 3 seconds, followed by drying. OD values at the initial stage and OD values after the test were compared to 
determine residual OD percentages. 

AA: Residual OD value was 95 % or morp.. 

A: Residual OD value was from 85 % to less than 95 %. 

« B: Residual OD value was from 75 % to less than 85 %. 

C: Residual OD value was less tnan 75 %. 

(4) Ejection stability (frequency response) nf liquid formulation- 

.?/) What percent (%) the ejection volume per dot at the time of ejection at a frequency of 3 kWs wac with rccpcct to the 
ejection volume per dot at the time of ejection ar a frequency or 100 Hz was examined to make evaluation. 

A A: 90 % or more. 

A: From 80 % to less than 90 %. 

.75 R: From 70 % to less than 80 % 

C; Less than 70 %. 

(5) Start-up performance of liouid formulation: 

&o Dot lines as shown in Fig. 12 were repeatedly printed to form several linee (10 linee), and then otopped recording 
for a certain time. Thereafter, the longest pause time aner which normal recording was possible In an attempt to again 
print like patterns was measured to make evaluation of start-up performance. Measured in an environment at 25*C and 
50 % RH. 

& AA: . The longest pause time was 10 seconds or more. 

A: Trie longest pause time was from o seconds to less than 10 seconds. 
B: The longest pause time wee from 3 seconds to less than 5 seconds. 
G: The longest pause time was less than 3 seconds 

so (6) Anti-dogging performance of liquid formulation: 

In a ctatc where the recording head and the reservoir were connected, the recording head was capped with a cap- 
ping rubber and then left to stand in an environment at35 a C and 10 % RHfor? weekend thereafter in an environment 
at 25*C and 50 % RH for 2 hours. 
A* In that state, a usual suction restoration system was used to measure how many times the suction had to bo 
repeated until normal recording was restored, to maKe evaluation or anti-sticking performance. 

AA: Restored after suckino twice at most. 
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A: ' Restored after sucKIng five times at moat. 
B. Restored after sucking i$n times at most. 

C: Not ejected from soma nozzles whatever times the suction was repeated, and p9rfectly normal prin\in$ was not 
restored. 

Evaluation Results in Examples 1 -6 are shown in Table 1 . 



Tablo 1 



10 


Example: 


0) 


(2) 


(3) 


(4) 


(5) 


(6) 




1 


A 


AA 


AA 


AA 


AA 


AA 




2 


A 


AA 


AA 


AA- 


AA 


AA 


1$ 


3 


A 


AA 


AA 


AA 


AA 


AA 


4 


A 


AA 


AA 


A 


A 


AA 




5 


A 


AA 


AA 


A 


A 


AA 




6 


A 


AA 


AA 


A 


AA 


AA 


CO 
25 


(1) : Image optical density 

(2) : Color bleeding 

(3) : Water fastness 

(4) : Ejection stability of liquid formulation 

(5) : Start-up performance of liquid formulation 

(6) : Antf-clogglng performance of ^qufd formulation 



Framplft* 7 to 1P 
30 Liquid formulations S-7 to S-12 were prepared. 
S-7: 



Polyallylaminc (weight average molecular weight ; 500) 


4,0 % by weight 


Glycerol 


7.0 7© by wyight 


Oiethylene glycol 


5.0 % by weight 


Acetic acid 


3.5 % by weight 


Water 


balance 



S-8: 

46 



Pulyallylamina (weiyhl aveiaya molecular weight . 500) 


4.0% by weight 


Benzalkonium chloride (G-50; available from Sanyo Chemical industries. Ltd.) 


1.0% by weight 


Glycerol 


7.0 % by weight 


Diethylene glycol 


5.0 % by weight 


Acetic acid 


3.5% by weight 


Water 


halanca 
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S-9: 





Polyallylaniine (weiyhl average muleculai weiylil . 500) 


4.0 %by weight 


5 


BenzalKonjum chloride (Q-50: available from Sanyo Chemical Industries, Ltd.) 


1 .0 % by weight 




Glycerol 


7.0 % by weight 




Diethylene glycol 


5.0 % by weight 


10 


"methylene glycol monofautyl ether 


3.0% by weiant 




Water 





S-10; 

IS 



Pulyallylamine (weight average molecular weighi : 900) 


4.0 % by weight 


Glycerol 


7.0 % by weight 


Diethyl ens glycol 


5.0 % by weight 


Acetic acid 


3.5 % by weight 


water 


balance 



25 

8-11: 



SO 


Polyallylarnine (weight average molecular weight : 900) 


4.0 %Dy welgnt 


Ranzalknniijm chlnrida (G-SO; available frnm Sanyn Chftrnfcal Industrial. I td ) 


1 n % hy weight 




Glycerol 


7.0 % by weight 




Diethyl ene glycol 


5.0 % by weight 


55 


Acetic acid 


3.5 % by weight 




Water 


balance 


3-12; 






art 








Polyallylarnine (weight average molecular weight : 900) 


4.0 % by weight 




Henzaikomum chloride (U-50; available trom Sanyo Chemical industries. Ltd.) 


1.0% by weight 




Glycerol 


7.0 % by weight 




Diethylene glycol 


5,0 % by weight 




TTletnyiene glycol monoouryl etner 


3.0 % by weight 




Water 


halanca 



60 



Aa inks, the following Bk-2, Y-2, M-2 and C-2 each having the following composition were used. 
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Bk-2. 



C.I. Direct Black 108 


2.5% by weight 


CI. Direct Blue 199 


0.5% by weight 


C.I. Diract Yellow 88 


0.3% by weight 


Glycerol 


6.0 % by weight 


stnytene glycol 


8.0 % oy welghi 


Mrs* 


5 0 % by weight 


Idopropyi alcohol 


4.0 % by weight 


Waier 


balance 
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Y2: 





C.I. Direct Yellow 132 


2.5 % by weight 




Glycerol 


7.0 % by weight 




Diethylene glycol 


8.0 % by weight 




Asetylana glycol type surface active agent (ACETYLENOL EH, trade name; available from 
KawaKen Fine Chemicals Co., Ltd.] 


0.1 %by weight 




Isnprnpyl almhnl 


9 5 % by weight 




Water 


balance 


an 

M-2; 




C.I. Acid Red 92 


2.5% by weight 


Glycerol 


7.0 % by weight 




Diethylene glycol 


8.0 % by weight 


in 


Acetylene glycol lype surface aciiv* aye/it (ACETYLENOL EH, irad* name, available from 
Kawaken Fin© Chemicals Co., Ltd.) 


0.1 % by weight 


laopropyl alcohol 


2.5 % by weight 




Water 


balance 






C 1 C 1 Direct Rlu* 199 


3 0 % by wflight 


An 


Glycerol 


7.0 % by weight 




Diethylene glycol 


8.0 % by weight 




Acetylene glycol type surface active agent (ACETYLENOLEH. trade name: available from 
Kawaken Fin* Chemical* Co., Lid.) 


0.1 % by weight 




Isopropyl alcohol 


Z.o% by weight 




Water 


balance 
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Characters were primed at 600 dpi using heads constructed in the same manner as shewn in the Ihiid example of 
head construction, the heads having the following ejection quantities per dot. 



Liquid formulation 


7 pl/dot 


Bk-2 


15 pt/dot 


Y-2 


7 pf/dot 


M-2 


7 pl/dot 


C-2 


7 pl/dot 

, .,: .... , 



The image quality, reliability uf liquid formulation and other performances were evaluated on the same items and 
is by the same manner as Examples 1 to 6. 

bvaluatron Hesuits in hxampies 7-12 are shown in labia 2. 



Table 2 



so 


Example: 


(1) 


(2) 




(4? 


(5) 


(6) 




7 


AA 


AA 


AA 


AA 


A 


AA 




8 


AA 


AA 


AA 


AA 


A 


" AA 


26 


9 


AA 


AA 


AA 


AA 


AA 


AA 




lu- 


AA 


AA 


AA 


A 


A 


A 




ll 


AA 


AA 


AA 


A 


A 


A 




12 


AA 


AA 


AA 


A j 


AA 


A 


30 
35 


(1) ; Image optical density 

(2) : Color bleeding 

(3) : Water fastness 

(4) : Ejection stability of liquid formulation 

Start-up perforrrwnra nf liquid formulation 
(6): Anti-clugging performance of liquid formulation j 



As specifically described above by giving Examples, in the color ink-jet recording made on a recording medium by 
using a liquid formulation and Into in combination, the former being different from an ink, in particular, in the color ink- 

aq jet recording carried out using the recording head having an ink ejection volume per dot of from 2 to 25 pi, it is possible 
io prcvida an ink-jet recording process in which a high imace optical density, a high imags uniformity, a good color 
bleeding prevention and a high water faatneBa can be achieved, at the same time the liquid formulation different from 
an ink ran hp sfahly ejected at a high ratability with respect to the recording head which ejects it, i.e.. over the range 
having a Inyh frequency, and also such ejection stability can be maintained even with changes in surrounding environ- 

4S mental conditions, promising superior anti-sticking performance, durability and so forth. 

Claims 

1. An ink-jet recording process for forming a color image on a recoiding medium using a liquid formulation and a color 
so ink in combination, wherein said liquid formulation contains a cationic polymer having a weight-average molecular 

weight in the range of from 4UU to l ,400, and said liQuid formulation and said ink are each ejected from a recording 
head having an ink ejection volume per dot of from 2 to 25 picolitters, 

2. The iiiK-jet recording process according to claim 1, wherein said cationic polymer is poiyadytamine. 

3. The lnK-]et recording process according to claim l, wnereln said liquid formulation further contains a quaternary 
amino having 8 or more carbon atomc. 
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4. Tim irik-jfcjt recording piucess acuuitiirig lo dairri 3, whai wn said quaternary amine is> benzalKuniuin diluiide. 

5 The ink-jet recording process according to daim 1. wherein said ink is an aqueous ink. 

5 6. The ink-jot rocording proccee according to ciaim 1 . wherein caid liquid formulation further contains a tricthylcnc gly 
col monoalkyi ether or a Methylene glycol monoalkyl ether. 

7. The ink-jet recording process ar.cording in daim 1 . wherein said liquid formulation is an aqueous liquid formulation 

io S. The ink-jet recording process according to claim 5, wherein eaid triethylono glycol monoalkyl other or diothylono 
Glycol monoalkyl ether is contained in an amount ranging from 0.5 % by weight to 5 % by weight. 

9. The ink-jet recording process acnordino to daim 1. wherein said liquid formulation further contains glycerol 

T* 10. The ink-jet recording procsss according to claim 1, wherein said liquid formulation has a pH in the range of from 3 
ton. 

11. The ink-jet recording process according to claim 1, wherein said liquid formulation has a pH in the range of from ft 
tu 9. 

20 

1 2. The ink-jet recording process according io claim l , wnerem said ink comprises a oiuranry of inks used in comDina- 
lion which are selected from the group consisting of yeilow ink, magenta ink. cyan ink and black ink. 

13. The ink-jet recording process according lu claim 1, wherein said ink is* an aqueuus ink wnlaii tiny « dye having an 
& anionic group. 

14. The ink-jet recording procccc according to claim 1 , wherein caid ink ig an aqucouc ink containing an anionic com- 
pound and a pigment. 

30 1 5. The ink-jet recording process according to claim 1 , wherein said liquid formulation is ejected prior to the ejection of 
said ink. 

16. The ink-jet recording process according to claim 1. wherein said liquid formulation is ejected after the ejection of 
said ink. 

xs 

17. The Ink-let recording process according to claim i, wherein ejection of said Ink, ejection of said liquid formulation 
and ejection of caid ink arc cuoocccivcly carried out. 

18. The ink-jet recording process according lo claim 1, wher ein said recording head ejects said liquid formulation and 
40 said ink by applying heat snorgy to thorn. 
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FIG. 4 
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FIG 7 




FIG. 8 
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